Abstract: Vocal folds play a crucial role in voice production. The physiological vibrations of vocal folds depend on the unchanged multilayered structure of the vocal folds mucosa. Morphological changes of mucosa are the cause of voice quality disorders -dysphonia. The aim of this study was to determine the morphological base of dysphonia in patients with vocal folds atrophy. A group of 24 patients with larynx atrophy confirmed by endoscopic (VLS) and stroboscopic (VLSS) examination of the larynx was included in the study. The morphological assessment of the larynx mucosa was carried out with the use of the transmission electron microscopy (TEM). Ultramorphological examinations revealed changes in the epithelium, basal membrane and lamina propria of the vocal folds mucosa. An increased number of collagenous fibers, fibroblasts with signs of vacuolar degeneration inflammatory cells and a decreased number of blood vessels and pericytes were observed. Morphological changes found in the epithelium, basal membrane and lamina propria of the vocal folds mucosa were the cause of disorders of vocal folds vibrations registered in the stroboscopic examination of the larynx (VLSS).
Introduction
Voice quality disorders are known as dysphonia [1, 2] . Voice pathology is caused by functional and organic changes observed in the larynx [1] [2] [3] . Vocal folds play a significant role in voice production. Pathological changes in the vocal folds mucosa result in disturbances of their normal vibration and cause intensified hoarseness. The high quality of a voice is conditioned by the multilayered and physiological structure of the vocal folds [4, 5] . All morphological changes in lamina propria of the vocal folds mucosa are the cause of organic dysphonia.
The aim of this study was to determine the morphological changes of vocal folds of the larynx in patients with vocal folds atrophy causing dysphonia.
Material and methods
A group of 24 patients with vocal folds atrophy and coexisting hypopharynx cancer (carcinoma recessus piriformis) was included in the study. The neoplastic process referred to hypopharynx and was an indication to total laryngectomy. The analyzed group consisted of 19 (79%) male and 5 (21%) female patients aged 49 to 57 years (average 54) ( Table 1) .
In laryngological diagnosis, indirect laryngoscopy was used in order to establish the localization of tumor in the 660 B Kosztyła-Hojna et al. hypopharynx. The assessment of larynx and the vocal folds motion was carried out by endoscopic and stroboscopic examination with the use of videolaryngoscopy by Wolf, with 90-degree optics from the same manufacturer (VLS, Videolaryngoscopy and VLSS, Videolaryngostroboscopy). The examination of the vocal folds vibration was conducted taking into consideration the vibration amplitude, mucosal wave and the phase of phonatory glottic closure. The morphological assessment was carried out using transmission electron microscopy (TEM). The material for the morphological examination was obtained from the larynx by cutting the intermembranous part of the vocal folds. The specimens of larynx were fixed in 2.5% glutaric aldehyde in kakodylate buffer, pH = 7.4 for 4 hrs and postfixed in 1% OsO 4 for 2 hrs and mounted in Epon 812. Half-thin specimens were stained with methylene blue and preliminarily evaluated using light microscopy. Ultrathin specimens were cut using a Reichert Ultracuts ultramicrotome, contrasted with lead citrate and uranyl acetate, and subsequently analyzed using a transmission electron microscope Opton 900 -PC.
Group I included patients with vocal folds atrophy and coexisting hypopharynx cancer.
Group II -the control group -consisted of ten patients, 4 (40%) female and 6 (60%) male, aged 35-58 (average 54). In the material for the morphological examination, 20% of the specimens were obtained from autopsy and 80% were collected after surgical treatment. After surgery in patients with coexisting hypopharynx cancer which was an indication to total laryngectomy, no pathology of the vocal folds was observed.
Results
In Group I, the patients with vocal folds atrophy, indirect laryngoscopy revealed thin vocal folds with decreased stiffness and incomplete phonatory glottic closure.
In Group II, the vocal folds were smooth, regular, and capable of movement during respiration and phonation, with physiological phonatory closure of the glottis.
In Group I, patients in stroboscopic and endoscopic examination showed a decrease of vibration amplitude, limited mucosal wave, and a lack of phonatory closure of the glottis ( Figure 1 ).
In Group II of patients, vocal folds vibrations were regular and appeared simultaneously, with average amplitude with the presence of normal mucosal wave and physiological phonatory closure of the glottis. (Figure 2) .
In Group I, a large number of collagenous fibers (C), inflammatory cells and fibroblasts (F) with signs of vacuolar degeneration in the stroma were observed (Figures 3-7) .
A small number of blood vessels exhibited multiplications of the basal membranes (BM) (Figure 4 ). The folds of the epithelial basal membrane were smaller in comparison with those in the control group -Group II.
In the material of Group II, we observed a multilayered flat epithelium with folds in the basal membrane, a large number of blood vessels, numerous pericytes (P) and a small number of collagenous fibers (C) (Figures 8-10 ).
Discussion
The vibration of vocal folds during phonation is conditioned by the physiological multilayered structure of the vocal folds mucosa. The lamina propria consists of a superficial layer, situated directly under the epithelial basal membrane, an intermediate layer and a deep layer [4, 5] . The superficial layer includes a relatively small number of dispersed collagenous and elastic fibers and creates the free space prone to ede- To determine the physical factors causing dysphonia connected with vocal folds atrophy, morphological examinations of vocal folds mucosa should be performed. Hirano et al. [5] described the thinness of vocal folds of the larynx in male patients after the age of 70. According to Gray and Morrison [6, 7] vocal folds edema is more common in elderly female patients, whereas in men the atrophic form appears more frequently. Edematous changes refer mostly to the superficial layer of the lamina propria. Atrophy of the vocal folds mucosa is caused by an increase in the number of collagenous fibers in the intermediate and deep layers and a decreased number of elastic fibers [8] [9] [10] [11] . Investigations performed by Sato [11] [12] [13] into the presence of pericytes around vessels in the vocal folds mucosa indicated a large number of pericytes, of which branches make connections with endothelial vessels cells. They play a significant role in supporting vascular walls in vibrating vocal folds tissues [14] .
In the analyzed material, a large number of pericytes was observed in patients of the control group without signs of atrophy of vocal folds mucosa, which was confirmed by endoscopic and stroboscopic assessment of the larynx (Figure 2 ). In this group of patients, the physiological mucosal wave, normal vibration amplitude and the physiological phonatory closure of the glottis were observed [1] [2] [3] [15] [16] [17] [18] . Moreover, in epithelial cells, no significant ultrastructural changes were registered. The basal membrane showed folds under the epithelium. In the stroma, a large number of blood vessels and pericytes but few collagenous fibers were found. The presented ultramorphological findings suggest a lack of pathological changes [4, 10, 14, 19] .
In the group of patients with atrophy of the vocal folds mucosa, the indirect laryngoscopy, endoscopic (VLS) and stroboscopic (VLSS) examinations revealed the thinness of vocal folds and incomplete phonatory closure of the glottis. The parameters of stroboscopic assessment pointed to a decrease of vibration amplitude and limited mucosal wave with incomplete phonatory glottic closure.
The presented changes confirm the clinical diagnosis of atrophy of the vocal folds mucosa and are in accordance with the studies by Kosztyła-Hojna, Vasilenko, Yanagisawa, Zalesska-Kręcicka, Rubin et al. [3, 16--18, 20] . In the morphological material in this group of patients, a large number of inflammatory cells in the stroma, signs of vacuolar degeneration of fibroblasts, multiplications of basal membranes of blood vessels and numerous collagenous fibers were described. The folds of the epithelial basal membrane were less pronounced in comparison with the group of patients without registered pathological changes in the larynx.
The presence of morphological changes of the vocal folds mucosa in the epithelium, basal membrane and lamina propria of the vocal folds mucosa causes disturbances of the physiological vibration of vocal folds. Irregular oscillations of vocal folds have a negative impact on voice quality, causing clinical symptoms of hoarseness and roughness of voice in patients with vocal folds atrophy.
Conclusions
1. Stroboscopic parameters in the assessment of the larynx allow an objective diagnosis of atrophy of the vocal folds mucosa. 2. Ultramorphological changes in the epithelial basal membrane and lamina propria of the larynx mucosa are the cause of atrophy. 3. An increased number of collagenous fibers, fibroblasts with signs of vacuolar degeneration inflammatory cells and a decreased number of blood vessels and pericytes in lamina propria of mucosa, condition the clinical form of larynx atrophy.
